is a simplified block diagram. The input signal voltage is commutated to the storage condensers by successive closures of the input switches at a rate set by oscillator I, and commutated thence to the output terminal by successive closures of the output switches a t a slower rate under control of oscillator 2. The latter runs a t a fixed rate of 16 000 Hz, a frequency .great enough to avoid generation of audible components due to commutation. Oscillator 1 has a higher frequency which is adjustable. The frequency demultiplication ratio is equal to the ratio of the oscillator frequencies; for example, it i s 50 percent with oscillator 1 set at 32 000 Hz.
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Both switch control circuits begin each reset cycle simultaneously with the first input and output switches closed. Then the switch closures progress to the right in Fig. 3 , the input rate being greater than the output. With no glottal synchronizing signal present, the input circuit reaches its last position and waits there until the output circuit reaches its last switch. Then the next pulse from oscillator 2 resets both circuits and the cycle repeats. If a glottal synchronizing signal is received, the circuits are reset immediately regardless of how far the current storage-readout cycle has progressed.
Evaluatiork of this unscrambler was performed with taped helium speech stimuli, as well as in on-line operation during dives. Highly successful performance was demonstrated with divers a t pressure depths as great as 1000 ft. Objective word intelligibility test results were 88 percent a t 500 ft and 78 percent at 800 ft, as compared with previously reported intelligibility of 5 percent for uncorrected helium speech a t a depth of 600 ft . 
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I. INTRODUCTION
It is well known that the performance of a delta modulation system in many cases can be improved by choosing a more complicated network than a single integrator in the feedback path of the modulator. With the configuration in Fig. 1 The author is with the Laboratoyy for' Communication Theory, Technical University of Denmark, Lyngby, Denmark. The choice of the parameters 71 and 7 2 chiefly depends on the spectrum of the transmitted waveform, s(t), whereas the zero is needed because of the demand for stability. From a quantizing noise, viewpoint i t is desirable to keep 7 0 as small a.~ possible. I n fact it can be shown that with all other parameters fixed, the ratio of rms signal to rms noise is approximately inversely proportional to 7 0 . However, if 7 0 is decreased below a certain limit, the system becomes unstable, and the follow-up characteristics of the modulator are destroyed. Hence there is an optimum value of 7 0 which yields the best overall system performance. The purpose of this paper is to show how the degree of unstability depends on the choice of 7 0 when all other parameters remain fixed.
POSSIBLE MODES OF OSCILLATION
Consider the delta modulator in Fig. 1 . For the purpose of this evaluation it is assumed that the input signal s(t) is zero and that the dc balance of t.he modulator is perfect, i.e., the number of ones equals the number of zeros in the output bit stream. Under these conditions the signal r(t) will be a symmetrical square wave, wit,h a half-period equal to nT, where T is the reciprocal of the clock frequency and n is some integer; n 2 1. We denote the oscillation frequency by
where f, is the clock frequency. The case n = 1 corresponds to the highest possible degree of stability. If n is high, the oscillation will be of relatively low frequency and will therefore appear at the output of the demodulator with high amplitude. Our object is to determine the possible values of n for a given value of T.O.
All the waveforms of the system are shown in Fig. 2 for the case of a stationary oscillation. It is readily seen that y ( t ) is a true replica of ~( t ) , except for a delay t d due to the linear network H ( s ) and the phase shift of 180" due to t,he change of sign a t the input of the comparator.
If the oscillation is to continue, the following inequality must be satisfied:
(3)
Our next objective is to calculate the zero-crossing delay t d for the transfer function (1). I t is shown in the Appendix that t d can be found by solving the equat.ion where c1 and c2 are given by c1 a -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
(!)I
These are typical values for a delta modulation system designed for telephone quality speech transmission. The result is shown in Fig. 3 , where (Y is plotted versus T O wibh TZ as a parameter. Due to the choice of finite values for rl a t~d 7 1 , a lower limit forfo is seen to exist even for 7 0 = 0. n = 2 is : L possible mode for high values of TO. Consequently, no improvemenl of system performance could be expected when choosing T O > 1.52'.
EXPERIMENTAL RESULTS
Tests were carried out in the laboratory in ah attempt lo establish the modes of oscillation predicted in Fig. 3 
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The number of observed modes is considerably less thall (,he theoretically expected number which, from Fig. 3 , in the tjwo cases should be 4 and 8. Obviously oscillations corresponding to high values of ai are hard to establish because of noise and jitter present in the system. However, if a random signal is applied to the input of the delta modulator, short bursts of these high-order oscillations may occur from time to time, and unless the frequency of oscillation is well out of t,he voice band, these bursts will have enough inband energy to cause a noticeable decrease in the output SNR.
Esperimenfal work by de Jager (maximizing the output SNR) is very close to 2' . From Fig. 3 t h i s choice is seen to eliminate oscillations at frequencies lower than nbout i kHz which is in good agreement with the previous discussion. 
IV. CONCLUSION
For a specific second-order delta modulator the possible modes of oscillation for zero input signal were determined as a function of TO, t.he zero of t'he feedback transfer function.
The approach is general in nature and could be employed with other types of transfer functions. Since the analysis presented is valid only under the idle condition, it cannot lead to a rigorous optimization of 7 0 . Nevertheless it should be clear that some relation exists between the degree of stability in the idle case and the follow-up characteristics when a signal is applied. The observation by other authors that a value of 7 0 close to T seems to be an optimal choice, is in good agreement with the results presented here.
APPENDIX
Let u(t) be the function defined in Fig. 4 . Then the Laplace transform of u(t) is
This signal is applied to the input of H ( s ) . The transform of the output is -as) .
From the theory of Laplace transforms we know that if
where d: ( -) denotes Laplace transform, then
where q = 0,1,2,.
and a is a rea1 constant, a > 0.
To invoke (13) we set From (11) and (13) we obtain + c2 exp (-)] . Only the stationary solution is of interest, so 'we look for an expression for v(t) in the interval 
This completes the proof of (4).
